Serum samples from 235 un selected patients and 95 pregnant women were investigated. All sera were stored at -20°C before assay. Specimens were thawed and allowed to reach room temperature before analysis.
(Corning Medical) needs the preceding calculation of total T4' so both total and free T4 concentrations are measured in the same assay." 17 These total and free T4 results allow the prediction of the accessory concentration of T4 binding proteins, of which TBG is the most prominent. This prediction ofTBG allows a better evaluation of thyroid function, especially when abnormal concentrations of TBG exist.
We evaluated two ways of predicting the concentrations ofTBG from total and free T 4 results. In the first method, a simple total T4/free T4 ratio was used as predictor for TBG. In the second method, corrections were made for the influence of the other T 4 binding proteins, T 4 binding prealbumin (TBPA), and albumin (HSA). These corrections resulted in a calculated concentration for TBG. Ann Clin Biochem 1982; 19: 94--100 Total over free thyroxine ratio: prediction of thyroxine binding globulin ANDRIES J BAKKER AND INA TERPSTRA From the Clinical Chemistry Laboratory, Jelsumerstraat 6, 8917 EN Leeuwarden, The Netherlands SUMMARY Both total thyroxine and free thyroxine concentrations are measured in the Immophase free thyroxine assay. These total and free thyroxine results allow a prediction of the accessory concentrations of thyroxine-binding globulin (TBG). Since abnormal concentrations of TBG often cause problems in the evaluation of thyroid function, we evaluated the possibility of predicting these abnormal values from total and free thyroxine results. Two ways of predicting abnormal concentrations ofTBG were evaluated on statistical grounds. The first method, a simple total thyroxine/free thyroxine ratio, proved to be better than the second method, which corrected for the influence of the other thyroxine binding proteins (result: a calculated concentration of TBG). The total thyroxine/free thyroxine ratio predicts abnormally low TBG values, below a ratio of 4000 (certainty 45 %) and abnormally high TBG values, above a ratio of 6400 (certainty 89 %).
Thyroid dysfunction is usually confirmed by the measurement of the serum total thyroxine (T4) concentration. Circulating T4 is almost completely bound to serum proteins, of which thyroxine binding globulin (TBG) is the most prominent. The measurement of T4 will therefore be markedly influenced by abnormalities in the concentration of these serum proteins.' 2 Since the non protein bound or free thyroxine (free TJ is generally accepted to be the metabolically available T4' a measurement of the serum free T4 concentration seems to be preferable for evaluation of thyroid function.' 2 Estimation of free T4has been done by radiochemically monitored equilibrium dialysis,a-5 ultrafiltration.s and polyacrylamide gel filtration' and by equilibrium dialysis followed by gas chromatography" or radioimmunoassay methods," 10 Most ofthese methods are cumbersome, Material and methods so they are beyond the scope of routine laboratory practice.
Most laboratories currently use the free thyroxine index (FTI), which relates the T4 concentration and the T4 binding capacity, estimated by the triiodothyronine resin uptake (TaRU) test.' 2 Alternatively, in this calculation of FT!, an assay for TBG can be substituted for the TaRU-measurement,u 12 Recently, the introduction of commercial free T4 FREE T 4 ASSAY methods has made the free T4 measurement The total and free concentrations of T4 were estabavailable to the average clinical laboratory.P'<" The lished by the Immophase Free T4 assay (Corning protocol of one of these commercial free T4 methods Medical, Medfield, Mass, USA). This kinetic free T4 94 assay, which was applied according to the manufacturer's instructions, is a two-tube assay. In this assay an amount of radiolabelled T 4 is added to the sample. After a period of equilibration (20 minutes) a solid phase antibody is added for an incubation of 30 minutes. The radioactivity bound to the solid phase antibody is measured. In the 'A' series tube, the rate of binding measured is dependent on the amount of free T 4; in the 'B' series tube, the rate of binding measured is dependent on the total amount of T4 because previously added thiomersal has liberated T 4 from its binding proteins. The fraction of the radioactivity bound in the . , .
cpm bound tube B) . . B senes (= ttl t B IS a function o a coun s of total T 4' The product of total T 4 and the fraction of the radioactivity bound in the 'A' series cpm bound tube A) . . 
(= ttl t A IS a function of free T 4' o a coun s
The ratio total T4/free T4 was used as the first method for the prediction of concentrations ofTBG.
TBG ASSAY
The concentration of TBG was measured by a commercial radioimmunoassay kit (Corning Medical). The manufacturer's protocol was followed without modification. The reference range used for this TBG assay was 240-600 nmol/l. the second method for the prediction of the concentrations of TBG.
STATISTICAL METHODS
For both methods of TBG prediction normal ranges had to be determined. The normal limits were selected by statistical analysis.
Sensitivity, specificity, and predictive values for positive and negative results of variable but defined limits were defined in analogy to their use in the recognition of disease." 21 A scheme for the classification of total T 4/free T 4 ratios and calculated concentrations of TBG is represented in 
PRECISION
The day-to-day variability of the assays for total T4. free T4. and TBG has been estimated under routine ON =number of analysed quality control samples.
SELECTION OF NORMAL LIMITS
The statistical parameters. sensitivity and specificity. were used in the selection of normal limits for both the total T4/free T4 ratio and the calculated concentrations of TBG.
Our objective was to predict abnormal concentrations of TBG in order to provide a better evaluation of thyroid function. We used sensitivity primarily as the criterion for the selection of normal limits for both methods of prediction of concentration of TBG, because sensitivity indicates the possibility of predicting abnormal concentrations of TBG correctly. We chose to predict nine out of 10 abnormal concentrations of TBG correctly, so normal limits were selected at a sensitivity of 90 %.
If this criterion was fulfilled by more than one limit, the limit with the highest specificity was selected because specificity indicates the possibility of predicting correctly normal concentrations of TBG.
Results
Thus sensitivity indicates the probability of abnormally high (or low) total T4/free T4 ratios (or calculated concentrations of TBG) in samples with abnormally high (or low) concentrations ofTBG.
Specificity indicates the probability of 'normal' total T4/free T4 ratios (or calculated concentrations of TBG) in samples with 'normal' concentrations of TBG ('normal' means normal and high at the lower limit and normal and low at the upper limit).
Also the predictive value of positive and negative results (for both total T4/free T4ratio and calculated concentration ofTBG) was calculated. The predictive value of a positive (or negative) result indicates the probability of abnormal (or 'normal') concentrations of TBG in samples with abnormal (or 'normal') total T4/free T4 ratios or calculated concentrations ofTBG.
The comparison of estimated TBG, calculated TBG, and total T 4/free T 4 ratio was obtained using the least squares method.s" conditions. The results shown in Table 3 were obtained by analysis of commercial quality control samples with appropriate concentrations.
COMPARISON OF TOTAL T 4• FREE T 4• AND TBG DATA
The comparison of total T4 and free T4 concentrations in 330 serum samples (235 patients + 95 pregnant women) is shown in Figure 1 . Accessory concentrations ofTBG have also been registered.
The ratio, total T4/free T4. which depends on the amount of T4 binding proteins, was correlated with the estimated concentrations of TBO. This correlation is shown in Figure 2 . Figure 3 shows the correlation of the estimated concentrations of TBG and the calculated concentration of TBG. This calculated concentration of TBG can be considered as a total T4/free T4 ratio. which has been corrected for the influence of normal amounts of TBPA and HSA. (D) . and negative predictive value (.) on the variable upper limit for the total T4/free T4 ratio (A) and the calculated concentration of TBG (B). Arrows indicate the limit at a sensitivity of 90% (curves based on results of samples from 235 patients and 95 pregnant women). In order to classify results for the total T4/free T4 ratio and calculated concentration of TBG according to the classification-scheme (Table 2) , estimated concentrations of TBG were used as a starting point. Table 4 shows the number of samples with results in one of the three ranges for TBG concentration. The dependency of the four statistical parameters on the variable upper limit is shown in Fig. 4A (total T 4/free T 4 ratio) and Fig. 4B (calculated TBG) . The dependency of the four statistical parameters on the variable lower limit is shown in Fig. 5A (total T 4/free T 4 ratio) and Fig. 5B (calculated TBG) . The selected normal limits and the numerical values for the four statistical parameters for both methods of prediction of TBG are shown in Table 5 .
Since the total concentration of T 4 is influenced by on the variable lower limit for the total T41free T4 ratio CA) and the calculated concentration ofTBG (B). Arrows indicate the limit at a sensitivity of 90% (curves based on results of 235 patient samples).
alterations in the concentration of TBG and the concentration of free T 4' measured with the Corning method, is not,14 23 24 the results for total and free T4 can be used for the prediction of the concentration ofTBG. This assumption is supported by the results shown in Figure 1 . These results show that abnormally high levels of TBG can be predicted correctly. The few samples with abnormally. low levels ofTBG also give the same impression, although the number of samples with an abnormally low concentration of TBG is too small for a balanced conclusion. Further analysis of the data shows that the correlation between the measured concentration of TBG and both methods for the prediction of the concentration of TBG is about the same (Figs 2 and  3 ), so that these correlation data suggest equivalence of both methods. The objective of our study was to evaluate the possibility of predicting abnormal concentrations of TBG from total and free T 4 results. This is possible only after the estimation of normal limits for both methods of prediction of TBG, which was done by application of the described statistical analysis. With the selected normal limits the total T 4/free T4 ratio predicts normal concentrations of TBG better than the method for the calculation of TBG if a sensitivity of 90 % was used as the criterion of selection of the normal limits (Table 5 ).
The usual way of selecting normal limits is based on effectiveness.t" 21 which is defined as:
. . TP + TN Effectiveness = grand total x 100% So the selection of normal limits is based on the discriminatory power of a test, that is, its ability to distinguish true positives from true negatives. Effectiveness is examined over the range of possible limits. We did not use this method because effectiveness is influenced by the ratio of positives and negatives. This can easily be demonstrated at the lower limit. Only 10 abnormally low concentrations ofTBG are present. If the effectiveness is calculated the lower limit that will be selected for the total T4/free T4 ratio is 3200. At this lower limit only four out of 10 abnormally low concentrations of TBG are predicted correctly. For the calculated concentration of TBG the situation is even worse. Because we wanted to predict abnormal concentrations of TBG better, we chose sensitivity (90%) instead of effectiveness as the criterion for selection.
The total T 4/free T 4 ratio, which was selected as the best and the simplest way to predict abnormal concentrations of TBG, has been used in our laboratory for over a year. In the first four months of this period, 280 samples were analysed for the 99 concentration ofTBG, because of an abnormal total T4/free T 4 ratio (220) or for other reasons (60). The results of these total and free T 4 measurements, in relation to the concentration of TBG, are shown in Figure 6 . From these data a positive predictive value can be calculated.
The positive predictive value for abnormally high total T4/free T4 ratios appeared to be 90 %, which is about the same as the one presented in Table 5 . The positive predictive value for abnormally low total T4/free T 4 ratios is about half the presented value, that is, 21 %. This difference is probably caused by the few abnormally low concentrations of TBG, which did not allow a good selection of the lower limit. At the moment our strategy is to determine concentrations of TBG in serum samples with abnormal total T 4/free T4ratios only when total T4and free T4results are conflicting. This means that TBG is determined only when total T4 and free T4 results do not agree about thyroid function. In these situations abnormalities in TBG concentrations are suspected because of these abnormal total T4/free T4 ratios. This suspicion should be confirmed by the determination of TBG. This strategy is followed in order to limit the number of TBG determinations Fig. 6 Comparison of total T. and free T. in relation to concentration ofTBG (sample composition explained in the text). Line A represents the upper limit for the total Tilfree T. ratio. The second line represents the provisional lower limit: D abnormally high concentrations of TBG (~6oo nmol/l); X normal concentrations ofTBG (240-600 nmol//); • abnormally low concentrations of 'i'BG (~240 nmolll).
because the concentration of TBG does not give any additional information if total T 4 and free T 4 allow the same diagnosis (although an abnormal total T 4/free T 4 ratio exists).
In conclusion, our results clearly demonstrate the possibility of predicting abnormal concentrations of TBG from abnormal total T 4/free T 4 ratios obtained with the Corning Immophase free T 4 assay.
In this way the combined determination of total and free T 4 concentration is, in our opinion, a better way to elucidate thyroid function than the other commercial free T 4 assays, which assay free T 4 only.
